Objective: The purpose of this study is to review the effectiveness of the role of whole grain as a therapeutic agent in type 2 diabetes, cardiovascular disease, cancer, and obesity. Methods: An umbrella review of all published meta-analyses was performed. A PubMed search from January 1, 1980, to May 31, 2016, was conducted using the following search strategy: (whole grain OR whole grains) AND (meta-analysis OR systematic review). Only English language publications that provided quantitative statistical analysis on type 2 diabetes, cardiovascular disease, cancer, and weight loss were retrieved. Results: Twenty-one meta-analyses were retrieved for inclusion in this umbrella review, and all the meta-analyses reported statistically significant positive benefits for reducing the incidence of type 2 diabetes (relative risk [RR] = 0.68-0.80), cardiovascular disease (RR = 0.63-0.79), and colorectal, pancreatic, and gastric cancers (RR = 0.57-0.94) and a modest effect on body weight, waist circumference, and body fat mass. Significant reductions in cardiovascular and cancer mortality were also observed (RR = 0.82 and 0.89, respectively). Some problems of heterogeneity, publication bias, and quality assessment were found among the studies. Conclusion: This review suggests that there is some evidence for dietary whole grain intake to be beneficial in the prevention of type 2 diabetes, cardiovascular disease, and colorectal, pancreatic, and gastric cancers. The potential benefits of these findings suggest that the consumption of 2 to 3 servings per day (~45 g) of whole grains may be a justifiable public health goal. (J Chiropr Med 2017;16:10-18) 
INTRODUCTION
Dietary whole grain consumption has been postulated to reduce the risk of type 2 diabetes, cardiovascular disease, colorectal cancer, and obesity. 1 A whole grain kernel contains the endosperm, germ, and bran. The bran's outer coating is rich in fiber and the inner germ contains vitamins, minerals, lignans, and phytochemicals (phenolic acids, polyphenols, and phytosterol compounds). Examples of whole grains include whole wheat, dark bread, brown rice, oats, barley, and rye. In the grain-refining process the most potent protective components of whole grains found in the bran and germ are removed, leaving behind the only the starch-rich endosperm.
There was a significant inverse association between dietary whole grain intake and all-cause mortality when comparing participants with dietary whole grain intakes in the top quintile to those whose intakes were in the bottom quintile. 2, 3 Therefore, it is believed that a deficiency in dietary whole grain intake might contribute to the epidemics of type 2 diabetes, cardiovascular disease, cancer, and obesity. 3 There is much discrepancy when it comes to randomized controlled studies on the effects of whole grain on clinical endpoints. Several studies on dietary whole grain intake in relation to type 2 diabetes risk have reported inverse associations with higher intake, but some studies found no significant association. 4 This discrepancy may be due to differences in study design, selected populations, and the type and amount of whole grain foods consumed. Given the inconsistency of the existing literature and the insufficient statistical power because of small sample sizes, a pooling of information from individual trials could provide a more precise and accurate estimate of whole grain's role in ameliorating chronic diseases such as type 2 diabetes, cardiovascular disease, cancer, and obesity. To achieve this result, many investigators have turned to performing a powerful statistical method known as meta-analysis. Meta-analyses are fundamental to provide the highest level of evidence to best inform health care decision making. Therefore, the purpose and objective of this paper is to summarize the evidence from previously published meta-analyses regarding the effectiveness of the role of whole grain as a therapeutic dietary agent.
METHODS
An umbrella review was selected for this study. An umbrella review provides a summary of existing published meta-analyses and systematic reviews and determines whether authors addressing similar review questions independently observe similar results and arrive at similar conclusions.
5
A systematic literature search of PubMed, Cochrane Library, and CINAHL from January 1, 1980, to May 31, 2016 , was conducted using the following search strategy: (whole grain OR whole grains) AND (meta-analysis OR systematic review). Only English language publications that provided quantitative statistical analysis on type 2 diabetes, cardiovascular disease, cancer, and weight loss were retrieved. Meta-analyses or systematic reviews that did not present study-specific summary data using a minimum of 4 randomized controlled trials were excluded.
For the published meta-analyses that were accepted into this review, the following information was extracted and entered into an Excel spreadsheet: number of publications included in the meta-analysis, number of total participants, whole grain daily dose, pooled treatment effects for clinical endpoints (such as serum glucose, insulin, or cholesterol concentrations), and summary of relative risks (RRs) and odds ratios (ORs). Because this is a descriptive summary review of meta-analyses, no statistical analyses were performed.
Papers were also assessed for their disclosure of quality assessment, statistical heterogeneity (Cochran's Q test and I 2 statistic), and publication bias (visual inspection of funnel plots and Egger or Begg regression test).
RESULTS
The initial search strategy identified 126 articles and after careful review 22 meta-analyses were retrieved for inclusion into this umbrella review. 4, One meta-analysis was excluded because it was not published in English; this meta-analysis investigated the use of whole grains on intestinal motility for bowel function disorders. 26 A flow chart of the meta-analyses selection process is provided in Figure 1 , and Tables 1, 2 , 3, and 4 provide the detailed analysis of the 21 meta-analyses entered into this umbrella review.
The results in Table 1 indicate that daily whole grain intakes of 2 or 3 servings (30-45 g/day) can significantly reduce the incidence of developing type 2 diabetes, with RRs ranging between 0.68 and 0.80. However, statistically significant heterogeneity was observed in 2 of the 4 meta-analyses. Using either the Egger or Begg test, no significant publication bias was noted. Table 5 shows the individual clinical studies used by these 4 meta-analyses. Functionally, 1.5 servings of whole grain per day significantly reduced both serum glucose and insulin concentrations, and there was no observable heterogeneity or publication bias in this meta-analysis.
The results in Table 2 show that dietary whole fiber intake can significantly reduce the incidence of developing cardiovascular disease and stroke, with RRs ranging between 0.63 and 0.79 for cardiovascular disease and 0.86 and 0.92 for stroke. No statistically significant heterogeneity was identified in any of these 6 meta-analyses, but significant publication bias, as measured using Egger or Begg tests, was observed in 2 of the 5 (1 meta-analysis did not assess for publication bias). Table 6 shows the individual clinical studies used by the 4 meta-analyses on cardiovascular disease incidence. Functionally, 28 to 30 g/day of whole grain significantly reduced total serum cholesterol and low-density lipoprotein (LDL) cholesterol in 2 separate meta-analyses. However, statistically significant heterogeneity was identified in 1 of these 2 meta-analyses. Finally, 2 meta-analyses both reported a significant inverse association of dietary whole grain intake with cardiovascular mortality (RR = 0.81 and 0.82); however, 1 of the 2 was determined as having statistically significant heterogeneity, but neither had significant publication bias.
The results in Table 3 indicate that when comparing populations with the highest to lowest dietary whole grain intakes, there was a statistical significant reduction in the risk of developing colorectal cancer, but this finding was only identified in 2 of the 3 meta-analyses. Heterogeneity was assessed in only 1 of these meta-analyses, and it was not statistically significant. The individual studies used in each of these 3 meta-analyses on colorectal cancer were all unique except for 2 studies, which were shared by 2 of the meta-analyses. In regard to pancreatic cancer, both meta-analyses determined that the populations with the highest dietary whole grain intakes had significantly reduced incidence of pancreatic cancer, with observed ORs of 0.70 and 0.76. Heterogeneity was assessed in only 1 of these meta-analyses, but it was not statistically significant. Finally, for populations with the highest intake of whole grains, there was a statistically significant reduction in the OR for gastric cancer (OR = 0.57), but the finding was not statistically significant for prostate cancer (RR = 1.13). Publication bias was only assessed and reported in 2 of the 5 meta-analyses on cancer, but neither one observed statistical significance. Finally, 2 meta-analyses observed a significant inverse association of dietary whole grain intake with overall cancer mortality where both presented with an RR of 0.89, but unfortunately, they also both presented with statistically significant heterogeneity.
The results from the 2 meta-analyses on body composition are presented in Table 4 . Heterogeneity and publication bias was assessed in only 1 of the 2 meta-analyses, and neither measure was determined to be statistically significant. Dietary whole grain was associated with weight loss and lower body mass index, body fat percentage, and central adiposity, but these changes were not all statistically significant.
In regard to quality assessment, only 7 of the 21 meta-analyses performed such an assessment, with 2 using the Cochrane quality score and 5 using the Newcastle-Ottawa Scale. There was no mention of any studies being excluded because of low quality. Only 5 of the 7 meta-analyses published the numerical details of their quality assessment results, and they found that the majority of the studies scored as high quality (26 of 33) .
Seven of the 21 meta-analyses obtained their effect size results using a fixed-effects model given their finding of nonsignificant heterogeneity. For the remaining 14 meta-analyses, 1 did not state which model was used, and the remaining 13 used a random-effects model. In 6 of these 13 meta-analyses, the finding of significant heterogeneity warranted the use of a random-effects model, and for the remaining 5, the assumption of heterogeneity was implied because of the wide differences between studies used in these meta-analyses (differences such as study population characteristics, amounts of whole grain intake, and duration of the study).
DISCUSSION
Almost all meta-analyses in this umbrella review reported positive benefits for dietary whole grain intake in the prevention and management of the most serious health care problems such as type 2 diabetes, cardiovascular disease, stroke, and colorectal, gastric, and pancreatic cancers. However, we must appreciate these positive results with some caution because of statistically significant heterogeneity in the type 2 diabetes meta-analyses and statistically significant publication bias in the cardiovascular meta-analyses. Also, the lack of quality assessment of published studies is problematic because clinical studies of very low quality may have been included in these meta-analyses, which can therefore potentially bias their overall outcomes. Despite the problems of heterogeneity, publication bias, and quality assessment, the potential benefits identified in this umbrella review suggest that the consumption of 2 to 3 servings per day (~45 g) of whole grains, as recommended by the Dietary Guidelines for Americans, 27 may continue to be a justifiable public health goal.
The following provides a discussion of the findings in detail. Four meta-analyses 4,7-9 reported that increased dietary whole grain intake significantly reduces the incidence of developing type 2 diabetes by 20% to 32%; however, it should be noted that 2 of the 4 meta-analyses presented with statistically significant heterogeneity, and this weakens the clinical certainty of this effect. 4, 7 Ideally the studies combined into any given meta-analysis should all have used the same experimental protocols; however, Yes increased heterogeneity is inevitable because of the wide variation in study design. Differences in study design include number of participants, duration of the study, age, sex, body mass index, total energy intake for the participants, method of dietary whole grain intake measurements, and source and types of whole grains (eg, whole grain cereals, brown bread, and brown rice). Defining a "whole grain" food is problematic, with definitions varying between different studies. The most commonly used definition classifies whole grains as products composed of 25% or more of whole grains, whereas others use 50% as the cutoff. Several studies did not state how whole grains were defined; thus, it is difficult to assess whether the differing definitions might have influenced the results.
Although many individual studies adjust for potential confounding factors, not all confounders are adjusted for in every study and hence the potential for statistically significant heterogeneity is increased. On a positive note, no publication bias was found for any of the 4 meta-analyses on the incidence of developing type 2 diabetes.
In regard to whole grain's mechanism of action on potentially reducing the incidence of developing type 2 diabetes, the insoluble fiber content of whole grains may delay gastric emptying and decrease the rate of glucose absorption, which favorably enhances postprandial glucose and insulin response. 28 This mechanism of action is supported by the meta-analysis that identified significant reductions in both serum glucose and insulin levels with 1.5 servings of whole grains per day. 6 Constituents of whole grain such as magnesium and chromium may also help to maintain normal glucose and insulin metabolism because they are cofactors for insulin receptor kinase and chromodulin. 29, 30 Four meta-analyses 9, [12] [13] [14] reported that increased whole grain intake of 2.5 servings, or 33 g/day, reduces the incidence of cardiovascular disease by 21% to 37%. Statistically significant heterogeneity was not identified in any of these 4 meta-analyses; however, 2 of the meta-analyses did have significant publication bias. 9, 13 Publication bias occurs because small studies with null results tend not to be published; this is referred to as the "file drawer problem." Because published studies are more likely than unpublished ones to report positive research outcomes, the significance of the effect size of the weighted average of the published studies is overestimated, and this can potentially bias the results of the meta-analysis. In regard to mechanism of action, the phytosterols found in whole grains can compete with dietary and biliary cholesterol for absorption by the small intestine, which reduces cholesterol absorption and increases excretion. 31 Whole grains also contain soluble fiber, which can potentially lower serum LDL cholesterol and hence total serum cholesterol. 32 This mechanism of action is supported by the 2 meta-analyses that reported significant reductions in both total serum cholesterol and LDL cholesterol levels with a 30-g serving of whole grains per day. 10, 11 Finally, whole grain phytochemical constituents can influence the vascular endothelium directly by promoting vasodilation, which leads to a reduction in blood pressure. 33 A reduction in blood pressure could significantly reduce the incidence of stroke, and this was identified in both meta-analyses that reported a reduction in RR of between 8% and 14%; however, only 1 of the 2 meta-analyses was statistically significant. 15 Compared with populations with the lowest intakes of dietary whole grains, the populations with the highest intakes observed significant reductions in the incidence of colorectal cancer by 21%, pancreatic cancer by 24% to 30%, and gastric cancer by 43%. 19, 21, 22 There was no significant change in the RR of developing prostate cancer between these 2 populations. 23 However, although 2 meta-analyses reported significant reductions in the incidence of developing colorectal cancer, 1 meta-analysis identified a nonsignificant reduction in RR of only 6%. 20 Except for 2 shared studies between 2 of these 3 meta-analyses on colorectal cancer, all 3 meta-analyses used unique studies to tabulate their effects sizes. Also, of the 5 separate meta-analyses on cancer incidence, only 2 assessed and presented their results on heterogeneity or publication bias. Therefore, the results and conclusion from this set of meta-analyses on cancer should be viewed with caution.
Caution also needs to be applied to the 2 meta-analyses that reported a statistically significant reduction in overall cancer mortality of 11%, mainly because of the statistically significant heterogeneity that was also identified. 17, 18 Assuming that increased dietary whole grain intake can significantly reduce the incidence of developing certain types of cancers, the mechanism of action here may involve the antioxidant actions of whole grain's phenolics and vitamin E, which scavenge free radicals and thereby prevent oxidation damage to DNA bases. 34 Trace minerals found in whole grains, such as selenium, zinc, copper, and manganese, are cofactors for enzymes that conduct antioxidant functions such as glutathione peroxidase and superoxide dismutase. The polyphenols typically found in whole grains can also neutralize carcinogenic N-nitrosamines and therefore prevent oxidative DNA damage caused by these compounds. 35 Because N-nitrosamine intake is significantly associated with gastric cancer incidence, this mechanism may explain why dietary whole grain intake had the greatest effect on reducing gastric cancer incidence compared with colon and pancreatic cancer. 36 The 2 meta-analyses on body composition in Table 4 reported healthful changes in body weight, waist circumference, and body fat mass, but only 1 meta-analysis reported a statistically significant reduction in body weight and waist circumference, whereas the other meta-analysis found that these positive changes were small and not statistically significant. 24, 25 The effect sizes in both of these meta-analyses were formulated from unique studies and so any differences between the different studies used by each meta-analysis may have contributed to the inconsistency noted here. For example, it appears that the meta-analysis that reported positive but nonsignificant results did so because the studies in this meta-analysis were not of long enough duration to identify substantial change in body weight (the majority of the studies were only 4-6 weeks' duration). 25 In regard to testing for heterogeneity and publication bias, 1 meta-analysis reported no significant heterogeneity but did not test for publication bias, whereas the other meta-analysis reported no publication bias but did not test for heterogeneity. Because both of these meta-analyses used studies that were 100% completely unique to each meta-analysis, we cannot validly cross over the heterogeneity and publication bias results from one to the other, and therefore the results and conclusions drawn from both meta-analyses need to be viewed with caution.
Assuming dietary whole grain consumption does truly affect body composition in a healthful way, the proposed mechanism of action may be through whole grains' ability to promote satiety through their dietary fiber content. Also, whole grains promote better insulin function, which aids in reduced lipogenesis and fat storage. 27 However, it may be that people who consume more whole grains are likely to have a healthier lifestyle because they exercise more and have lower fat and higher dietary fiber intakes. It has been noted that dietary whole grain intake alone may not contribute to the effects seen here and that the body composition changes are independently a result of hypocaloric diets alone. 37 
Limitations
One limitation is that only 3 indexing systems were searched and thus it is possible that some meta-analyses were not identified. A second limitation is that only 1 author performed the search and selection of the meta-analyses included in this umbrella review. A third limitation is that the meta-analyses reviewed here represent a heterogeneous group of clinical studies composed of a diverse group of participants of different ages, sexes, genders, races, and ethnic groups, and therefore readers are cautioned against specifying these results to any 1 specific sociodemographic group. And finally, as in all literature reviews, the quality of this umbrella review is directly related to the quality of the included meta-analyses, which are dependent on the quality of the individual studies used to conduct the meta-analysis.
CONCLUSION
This review suggests that there is some evidence for dietary whole grain intake to be beneficial in the prevention of type 2 diabetes, cardiovascular disease, and colorectal, pancreatic, and gastric cancers. The potential benefits of these findings suggest that the consumption of 2 to 3 servings per day (~45 g) of whole grains may be a justifiable public health goal.
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Practical Applications
• Whole grain consumption has been postulated to reduce the risk for type 2 diabetes, cardiovascular disease, colorectal cancer, and obesity.
• Unfortunately, there is much discrepancy when it comes to randomized controlled studies on the effects of whole grain on these important clinical conditions.
• By combining the meta-analyses on these clinical outcomes as an umbrella review, we can suggest that dietary whole grain intake may be beneficial in the prevention of type 2 diabetes, cardiovascular disease, stroke, and colorectal, gastric, and pancreatic cancers.
